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(57)Abstract: 

PROBLEM TO BE SOLVED: To realize a large-capacity 
ferroelectric storage device whereinto many memory 
cells can be integrated each of which comprises only 
one ferroelectric capacitor. 

SOLUTION: Respective main bit lines MBLN, MBLN+1 
laid in the form of columns are connected selectively with 
arbitrary auxiliary bit lines SBLN, SBLN+1 from among a 
plurality of auxiliary bit lines via selection transistors 
STN, STN+1. In the grid positions wherein a plurality of 
word lines WL1-WLM laid in the form of rows intersect 
the foregoing auxiliary bit lines, memory cells Cm,N, 
Cm,N+1 comprising ferroelectric capacitors are disposed 
one by one. Further, one electrode of each foregoing 
ferroelectric capacitor is connected with each foregoing 
auxiliary bit line, and the other electrode of each foregoing ferroelectric capacitor is connected 
with each foregoing word line. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 * ** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] By constituting a memory cell from one ferroelectric 
capacitor fundamentally, this invention relates to the ferroelectric storage in which high accumulation 
and large-capacity-izing are possible, and relates to the device structure, device actuation operation, and 
the manufacture method especially. 
[0002] 

[Description of the Prior Art] A ferroelectric capacitor is constituted for the oxide ferroelectric materials 
(for example, PbZrTi03 etc.) which make a perovskite structure, or the oxide ferroelectric materials (for 
example, BiSr2 Ta 209 etc.) which make Bi system stratified perovskite structure as a capacitor 
insulator layer, and the ferroelectric storage which memorizes data according to the direction of 
polarization of the ferroelectric capacitor concerned is known. 

[0003] Hereafter, it relates and the hysteresis characteristic of a ferroelectric capacitor is explained to 
drawing 12 . In drawing 12 , as for a hysteresis characteristic, (b), and (c), (a) shows mutually the 
condition of a capacitor that the 1st data (following data 1) of opposition and the 2nd data (following 
data 0) were written in, respectively. 

[0004] In the hysteresis characteristic which shows ferroelectric storage to drawing 12 (a) The condition 
(inside A of drawing) that impressed voltage by the side of plus to the ferroelectric capacitor (inside C of 
drawing), and the remanence charge of +Qr remained Data 1 (the 1st data), Voltage by the side of minus 
is impressed (inside D of drawing). - It uses as memory of a non- volatile by using as data 0 (the 2nd 
data) the condition (inside B of drawing) that the remanence charge of Qr remained. 
[0005] By the way, the method (following 1TR-1 CAP mold eel) of constituting one memory cell from 
one selection transistor and one ferroelectric capacitor is learned as what uses the ferroelectric capacitor 
mentioned above as ferroelectric storage of a non- volatile. 

[0006] Drawing 13 is memory array drawing of the ferroelectric storage which has a 1TR-1CAP mold 
cel. 

[0007] The memory array of drawing 13 is making the so-called clinch bit line structure, and the plate 
electrode line for MA and MA' to drive a word line for plate electrode line, RWLA, and RWLA* to drive 
a bit line as for word line, BLA, and BLA\ and for reference cell, WLA, and WLA' drive a reference 
cell in memory cell, MRA, and MRA\ as for PLA among drawing, and for RPLA drive a reference cell 
and CL show the load-carrying capacity of each bit line BLA and BLA 1 , respectively. A memory cell 
MA is constituted by the selection transistor TA and the ferroelectric capacitor CA, and memory cell 
MA' is constituted by selection transistor TA 1 and ferroelectric capacitor CA\ A reference cell MRA and 
MRA 1 are prepared in order to carry out comparison read-out of the data of a memory cell MA and MA 1 , 
in the case of a reference cell MRA, they are constituted by the selection transistor TRA and the 
ferroelectric capacitor CRA, and, in reference cell MRA 1 , are constituted by selection transistor TRA 1 
and ferroelectric capacitor CRA'. 

[0008] In the ferroelectric storage which has the 1TR-1CAP mold eel of drawing 13 For example, data 
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read-out of a memory cell MA the comparison with reference cell MRA 1 connected to comparison bit 
line BLA 1 which carried out reading appearance and adjoined in the direction of a clinch of a bit line 
BLA performs — having the data reading appearance of memory cell MA' — carrying out — It is 
carried out by the comparison with the reference cell MRA connected to the comparison bit line BLA 
which adjoined in the direction of a clinch of read-out bit line BLA'. Moreover, in a reference cell MRA 
and MRA 1 , capacitor area or bias voltage is adjusted and an optimum design is carried out so that it may 
be in an intermediate state in case reading appearance of the remanence charge of +Qr or -Qr is carried 
out in the hysteresis characteristic of drawing 12 (a), respectively, therefore, in a lTR-lCAP mold eel, 
reading appearance is carried out, the potential difference between the comparison bit lines by the eel 
carry out reading appearance and according to a bit line and a reference cell is alike with a sense 
amplifier S A, is amplified, and the judgment of data is made. 
[0009} 

[Problem(s) to be Solved by the Invention] By the way, it sets to the ferroelectric storage which has the 
1TR-1CAP mold eel mentioned above. Although reservation of the DISUTABU prevention at the time 
of data writing and the margin of operation at the time of data read-out is easy since the memory cell 
consists of one selection transistor and one ferroelectric capacitor When a memory cell compares with 
other nonvolatile storages which consist of one element, for example, a flash memory, EPROM, etc., 
memory cell area becomes large and there is a problem that-izing cannot be carried out [ large 
capacity]. 

[0010] This invention is made in view of this situation, and the purpose is in offering the ferroelectric 
storage in which high accumulation and large-capacity-izing are possible by constituting a memory cell 
only from one ferroelectric capacitor fundamentally in the ferroelectric storage which performs a data 
storage according to the direction of polarization of a ferroelectric capacitor. 
[0011] 

[Means for Solving the Problem] In order to attain the above-mentioned purpose, ferroelectric storage of 
this invention Each main bit line wired in the shape of a train is connected to two or more subbit lines 
through a connecting means. A memory cell which changes from one ferroelectric capacitor to a grid 
location where the above-mentioned subbit line and two or more word lines wired by behavior cross, 
respectively is arranged. One electrode of others [ electrode / of each ferroelectric capacitor / one ] is 
connected to the above-mentioned subbit line at the above-mentioned word line, and one of data of the 
1st data of opposition or the 2nd data is mutually memorized according to the direction of polarization 
of the above-mentioned dielectric capacitor. 

[0012] Moreover, in the above-mentioned ferroelectric storage, the above-mentioned connecting means 
is an MOS mold semiconductor device, other one side is connected to the above-mentioned subbit line, 
gate electrode is connected to a selector-gate line, and either a source electrode of the MOS mold 
semiconductor device concerned or a drain electrode connects the above-mentioned main bit line and a 
subbit line to the above-mentioned main bit line in actuation according to applied voltage of the 
gate line concerned. 

[0013] Moreover, writing of as opposed to a memory cell in the above-mentioned ferroelectric storage 
of the 1st data Voltage impression is carried out in the direction in which subbit line potential chosen 
from word line potential to choose becomes high. Carry out by making polarization of the ferroelectric 
capacitor carry out in the above-mentioned impression electric-field direction, and writing of the 2nd 
data to a memory cell Voltage is impressed in the direction in which subbit line potential chosen from 
word line potential to choose becomes low, and it carries out by making polarization of the ferroelectric 
capacitor carry out in the above-mentioned impression electric-field direction. 

[0014] moreover, reading appearance of receiving [ the above-mentioned ferroelectric storage ]-memory 
cell data — carrying out — it connects with a subbit line which chooses the main bit line, word line 
voltage to choose is changed, a polarization condition of a ferroelectric capacitor is changed, and data is 
judged by detecting change of the main bit line potential according to change of a polarization condition 
of the ferroelectric capacitor concerned. 

[0015] Moreover, the above-mentioned ferroelectric storage performs re-writing of data to the memory 
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cell concerned after read-out of data to the above-mentioned memory cell. 

[0016] moreover, the above-mentioned ferroelectric storage is performed to all memory cell packages 
connected to a word line in which data to a memory cell carries out writing or reading appearance and, 
which re- writing chooses by having a sense amplifier of latching corresponding to each nlain bit line, 
carrying out reading appearance to the sense amplifier concerned, and latching data or write-in data. 
[0017] Moreover, writing of the above-mentioned data consists of an elimination step which writes the 
1st data or 2nd data in a package to all memory cells that stand in a row in a selected word line, and a 
write-in step which writes in the above-mentioned opposition data after the above-mentioned 
elimination step to a memory cell in which the above-mentioned elimination data and data of opposition 
should be written in the above-mentioned ferroelectric storage. 

[0018] Moreover, in the above-mentioned ferroelectric storage, writing of the above-mentioned data is 
performed in order for every word line by making into an unit all word lines that intersect a subbit line 
chosen by selector-gate line. 

[0019] Moreover, in the above-mentioned ferroelectric storage, read-out and re-writing of the above- 
mentioned data are performed in order for every word line by making into an unit all word lines that 
intersect a subbit line chosen by selector-gate line. 

[0020] Moreover, a manufacture method of ferroelectric storage of this invention has a production 
process which forms a lower layer capacitor electrode of each memory cell with the above-mentioned 
subbit line, a production process which forms a ferroelectric capacitor insulator layer of each memory 
cell, a production process which forms the upper capacitor electrode for every memory cell, a 
production process which forms the above-mentioned word line so that the above-mentioned word line 
may be connected to the above-mentioned upper capacitor electrode for every memory cell, and a 
production process which forms the above-mentioned main bit line. 

[0021] Moreover, in an above-mentioned manufacture method, the above-mentioned lower layer 
capacitor electrode (the above-mentioned subbit line) is formed with platinum of the 1st layer, or an 
oxide system ceramic material. The above-mentioned ferroelectric capacitor insulator layer is formed 
with an oxide ferroelectric material which makes an oxide ferroelectric material or Bi system stratified 
perovskite structure which makes a perovskite structure. The above-mentioned upper capacitor electrode 
is formed with platinum of the 2nd layer, or ail oxide system ceramic material. The above-mentioned 
word line is formed of aluminum, its alloy, or bipolar membrane of the 1st layer, and the above- 
mentioned main bit line is formed of aluminum, its alloy, or bipolar membrane of the 2nd layer. 
[0022] According to ferroelectric storage of this invention, since a memory cell consists of only one 
ferroelectric capacitor fundamentally, memory cell area becomes small, and high integration of it is 
attained, and it is suitable for large-capacity-izing. 

[0023] Furthermore, a bit line (the main bit line) is divided into two or more subbit lines, the memory 
cell number which stands in a row in a bit line (the main bit line) at the time of data writing and data 
read-out since a memory cell is arranged in a grid location where the above-mentioned subbit line and 
two or more word lines wired by behavior cross is divided, and DISUTABU at the time of data writing 
is mitigated, and reservation of a margin at the time of data read-out becomes easy. 
[0024] Moreover, connection control with the above-mentioned main bit line and a subbit line is 
possible by connecting the above-mentioned main bit line and a subbit line in actuation according to 
applied voltage of a selector-gate line. 

[0025] Moreover, writing of the 1st data to a memory cell Voltage is impressed in the direction in which 
subbit line potential chosen from word line potential to choose becomes high. Carry out by making 
polarization of the ferroelectric capacitor carry out in the above-mentioned impression electric-field 
direction, and writing of the 2nd data to a memory cell It is possible by impressing voltage in the 
direction in which subbit line potential chosen from word line potential to choose becomes low, and 
making polarization of the ferroelectric capacitor carry out in the above-mentioned impression electric- 
field direction. 

[0026] moreover, reading appearance of data to a memory cell - carrying out - it is possible to judge 
data by connecting with a subbit line, which chooses the main bit line, changing word line voltage to 
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choose, changing a polarization condition of a ferroelectric capacitor, and detecting change of the main 
bit line potential according to change of a polarization condition of the ferroelectric capacitor concerned. 

[0027] moreover, it becomes recoverable [ data ], even if data carries out reading appearance and the 
contents of data in a memory cell are sometimes destroyed by data to the above-mentioned memory cell 
carrying out reading appearance, and performing re- writing of data to the memory cell concerned 
behind. 

[0028] moreover, since it is carried out to all memory cell packages connected to a word line in which 
data to a memory cell carries out writing or reading appearance and, which re-writing chooses by having 
a sense amplifier of latching corresponding to each main bit line, carrying out reading appearance to the 
sense amplifier concerned, and latching data or write-in data, it becomes [ high-speed writing and high- 
speed read-out of data ] possible and is suitable. 

[0029] Moreover, an elimination step which writes the 1st data or 2nd data in a package to all memory 
cells that stand in a row in a word line with which writing of the above-mentioned data was chosen, By 
constituting from a write-in step which writes in the above-mentioned opposition data after the above- 
mentioned elimination step to a memory cell in which the above-mentioned elimination data and data of 
opposition should be written It is possible to mitigate DISUTABU voltage impressed to a non-choosing 
memory cell at the time of data writing. 

[0030] Moreover, writing of the above-mentioned data can restrict a count of DISUTABU which joins a 
non-choosing memory cell at the time of data writing by performing them in order for every word line, 
using as an unit all word lines that intersect a subbit line chosen by selector-gate line. 
[003 1] Moreover, read-out and re- writing of the above-mentioned data can restrict a count of 
DISUTABU which joins a non-choosing memory cell at the time of data re- writing by performing them 
in order for every word line, using as an unit all word lines that intersect a subbit line chosen by 
selector-gate line. 

[0032] Moreover, according to a manufacture method of ferroelectric storage of this invention, a lower 
layer capacitor electrode of each memory cell is formed by subbit line, and, subsequently, a ferroelectric 
capacitor insulator layer of each memory cell is formed. And the upper capacitor electrode for every 
memory cell is formed, the above-mentioned word line is formed so that a word line may be connected 
to the upper capacitor electrode for every memory cell, and subsequently the main bit line is formed. 
[0033] The above-mentioned lower layer capacitor electrode (the above-mentioned subbit line) is more 
specifically formed with platinum of the 1st layer, or an oxide system ceramic material. The above- 
mentioned ferroelectric capacitor insulator layer is formed with an oxide ferroelectric material which 
makes an oxide ferroelectric material or Bi system stratified perovskite structure which makes a 
perovskite structure. The above-mentioned upper capacitor electrode is formed with platinum of the 2nd 
layer, or an oxide system ceramic material. The above-mentioned word line is formed of aluminum, its 
alloy, or bipolar membrane of the 1st layer, and the above-mentioned main bit line is formed of 
aluminum, its alloy, or bipolar membrane of the 2nd layer. 
[0034] 

[Embodiment of the Invention] Drawing 1 is drawing showing the memory array in the ferroelectric 
storage concerning this invention. 

[0035] memory array drawing of drawing 1 — setting — two main bit line MBLN in drawing, and 
MBLN+1 receiving - respectively - one subbit line SBLN and SBLN+1 ****-- although not 
illustrated - since this is expedient - it is — actual - each — the main bit line pair is carried out and two 
or more subbit lines are connected. Moreover, although the word line number which intersects a subbit 
line has become M among drawing, 4, 8, or about 16 are specifically suitable for it. 
[0036] Setting to memory array drawing of drawing 1 , WL1, WLm, and WLM are a word line, MBLN, 
and MBLN+1. The main bit line, SBLN, and SBLN+1 A subbit line, STN, and STN+1 The selection 
transistor which connects the main bit line and a subbit line in actuation according to actuation is shown, 
respectively, and it is the selection transistor STN and STN+1. It is controlled by the selector-gate line 
SL. Each word lines WL1, WLm, and WLM, each ** bit line SBLN, and SBLN+1 One ferroelectric 
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capacitors CI and N which make a memory cell at a crossing, respectively, Cm, N, CM, N, CI, N+l, 
Cm, N+l, CM, and N+l The electrode of another side is connected to the word line corresponding to the 
subbit line with which the electrode which is one side, respectively corresponds. 

[0037] Moreover, Transistor PCTN and PCTN+1 By precharge signal phiPC, it is main bit line MBLN 
and MBLN+1. It is a transistor for precharging on the precharge voltage VPC, and is Transistor CTN 
and CTN+1 . By column selection-signal phiC, it is main bit line MBLN and MBLN+1 . It is a transistor 
for connecting with each sense amplifier. A sense amplifier SAN and SAN+1 It is main bit line MBLN 
and MBLN+1, respectively. It is the connected sense amplifier, and is activated by sense enable signal 
phiSE, a sense amplifier SAN senses the potential difference between the node potential VN and the 
comparison potential VRN, and it is sense amplifier SAN+1. Node potential VN+1 And comparison 
potential VRN+1 The potential difference of a between is sensed. 

[0038] Drawing 2 is pattern layout drawing in memory array drawing of drawing 1 . Moreover, drawing 
3 is device structure section drawing at which it looked from A- A 1 in pattern layout drawing of drawing 

[0039] Setting to pattern layout drawing of drawing 2 , and the drawing 3 device structure section 
drawing, for LOCOS isolation and 3, gate oxide and 4 are [ 1 / a silicon substrate and 2 ] the selection 
transistor STN and STN+1. They are the source / drain n+ diffusion layer field. 5 is the selector-gate line 
SL and is usual polish recon or a usual polycide gate electrode. 6 - subbit line SBLN and SBLN+1 it is 
- moreover, it is also a ferroelectric capacitor lower electrode, and is specifically formed in a layer 
[ 1st ] platinum layer, the ferroelectric material 3 which 7 is a ferroelectric capacitor insulator layer and 
specifically has a hysteresis characteristic, for example, PbZrTiO, and BiSr2 Ta 209 etc. - it is formed. 
8 is each ferroelectric capacitors CI, N, Cm, and N, CM, N, CI, N+l, Cm, N+l, CM, and N+l. It is an 
up electrode and is specifically formed in a layer [ 2nd ] platinum layer. 9 is an interlayer insulation film 
under the 1 st layer aluminum wiring, and is usual CVD silicon oxide. 

[0040] 10a, 10b, 10c, and lOd are the contact holes under the 1st layer aluminum wiring, and contact 
holes 10a and lOd are, respectively for contact hole 10b to connect the 1st layer aluminum wiring and a 
layer [ 1st ] platinum layer, and for contact hole 10c connect the 1st layer aluminum wiring and a layer 
[ 2nd ] platinum layer for the 1st layer aluminum wiring and N+ diffusion layer field. 1 la, 1 lb, and 11c 
are the 1st layer aluminum wiring, and 1st layer aluminum wiring 11a constitutes a pad aluminum layer 
for 1st layer aluminum wiring 1 lb to connect a word line WL1, WLm, and WLM, and for 1st layer 
aluminum wiring 1 lc connect n+ diffusion layer field with the 2nd layer aluminum wiring for bridge 
wiring of a subbit line. 12 is an interlayer insulation film under the 2nd layer aluminum wiring, and is 
usual CVD silicon oxide. 13 is a contact hole under the 2nd layer aluminum wiring, and connects the 
2nd layer aluminum wiring and the 1st layer aluminum wiring. 14 is the 2nd layer aluminum wiring and 
constitutes main bit line MBLN and MBLN+1 . 

[0041] Next, in memory array drawing of drawing 1 , the 1st operation gestalt in the case of performing 
the data writing to a memory cell is explained in order, referring to timing-chart drawing of drawing 4 , 
and the hysteresis characteristic of drawingjS . 

[0042] Timing-chart drawing of drawing 4 is a word line WLm and subbit line SBLN, and SBLN+1. It 
chooses and they are the ferroelectric capacitors (memory cell) Cm and N. It is the 1st data (following 1 
data) Cm and N+l It is a timing chart in the case of writing in the 2nd data (following 0 data). In this 
case, the writing of one data to a memory cell impresses voltage in the direction in which the subbit line 
potential chosen from the word line potential to choose becomes high, and is performed by making 
polarization of the ferroelectric capacitor carry out in the above-mentioned impression electric-field 
direction. Moreover, the writing of zero data to a memory cell impresses voltage in the direction in 
which the subbit line potential chosen from the word line potential to choose becomes low, and is 
performed by making polarization of the ferroelectric capacitor carry out in the above-mentioned 
impression electric-field direction. 

[0043] First, they are memory cells Cm and N at time of day tl . To supply voltage VCC (3.3V), it is 
connected main bit line MBLN A memory cell Cm and N+l Main bit line MBLNs+1 connected It is set 
as touch-down voltage (0V). 
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[0044] Next, it is the selector-gate line SL to 0V to 5 V at time of day t2 Memory cells Cm and N, Cm, 
and N+1 Word line WL1 -WLM that the connected selection word line WLm is not chosen as supply 
voltage VCC (3.3V) other than WLm is set as VCC (1/2) (1.65V). Consequently, the ferroelectric 
capacitor Cm of the memory cell which should write in zero data, and N+1 will move to the condition of 
D point by time of day t3 in the hysteresis characteristic shown in drawing 6 , and the writing of zero 
data will be completed. 

[0045] Next, the selection word line WLm is brought down on touch-down voltage (0V) at time of day 
t3. Consequently, ferroelectric capacitors Cm and N of the memory cell which should write in one data 
In the hysteresis characteristic shown in drawing 6 , it will move to the condition of C point by time of 
day t4, and the writing of one data will be completed. At time of day t4, it is all main bit line MBLN(s) 
and MBLN+1 to the last. After bringing down to 0V, write-in actuation is completed by bringing down 
the selector-gate line SL and all word line WL1 -WLM(s) on touch-down voltage (0V). 
[0046] In addition, word line WL1 -WLM of not choosing during a data write-in period and other than 
WLm is the ferroelectric capacitors Cm and N connected to the selected subbit line although set as VCC 
(1/2) (1.65V) consequently, Cm, and N+1. The DISUTABU voltage of VCC (1/2) (1.65V) will be 
impressed to the memory cell of not choosing [ of an except ]. That this DISUTABU voltage poses a 
problem is the case where the above-mentioned DISUTABU voltage is added in the contents of data 
currently recorded on the non-choosing memory cell, and the direction in which reverse data is written 
in. 

[0047] For example, when one data is recorded on the non-choosing memory cell, as a result of 
impressing DISUTABU voltage, in the hysteresis characteristic shown in drawing 6 , the polarization 
condition of a ferroelectric capacitor changes from an A point to Al point. Moreover, when zero data is 
recorded on the non-choosing memory cell, as a result of impressing DISUTABU voltage, in the 
hysteresis characteristic of drawing 6 , the polarization condition of a ferroelectric capacitor changes 
from a B point to Bl point. However, data is not reversed and DISUTABU to a non-choosing memory 
cell does not pose a problem, when one data is recorded on the non-choosing memory cell unless a 
polarization condition changes from an A point to A3 point, and unless a polarization condition changes 
from a B point to B3 point when zero data is recorded on the non-choosing memory cell. 
[0048] Next, in memory array drawing of drawing 1 , the 2nd operation gestalt in the case of performing 
the data writing to a memory cell is explained in order, referring to timing-chart drawing of drawing 5 , 
and the hysteresis characteristic of drawing 6 . The DISUTABU voltage (1/2) which joins a non- 
choosing memory cell at the time of data writing has an advantage over the 1st example of drawing 4 of 
this 2nd operation ****** in VCC (1.65V) (1/3) to VCC (1.1V), and a mitigable point. 
[0049] It is a word line WLm and subbit line SBLN, and SBLN+1 similarly [ in drawing 5 ]. It chooses 
and they are the ferroelectric capacitors (memory cell) Cm and N. It is one data Cm and N+1 It is a 
timing chart in the case of writing in zero data. The elimination step which writes in zero data (or one 
data is sufficient) to all the memory cells that were connected to the selected word line unlike the case of 
the 1st operation gestalt of drawing 4 in the case of the 2nd operation gestalt of drawing 5 , A data write- 
in method is constituted by two steps of steps of the write-in step which writes in the above-mentioned 
opposition data after an elimination step to the memory cell in which the above-mentioned elimination 
data and the data of opposition should be written. 

[0050] In this case, data elimination (writing of zero data) to a memory cell impresses voltage in the 
direction in which the subbit line potential chosen from the word line potential to choose becomes low, 
and is performed by making polarization of the ferroelectric capacitor carry out in the above-mentioned 
impression electric-field direction. Moreover, the writing of opposition data (one data) to a memory cell 
impresses voltage in the direction in which the subbit line potential chosen from the word line potential 
to choose becomes high, and is performed by making polarization of the ferroelectric capacitor carry out 
in the above-mentioned impression electric-field direction. 

[0051] First, at time of day tl, all main bit line MBLN(s) and MBLN+1 are set as touch-down voltage 
(0V), then the selection word line WLm is set as 5 V from 0V, and the word lines WL1-WLM of all not 
choosing it as supply voltage VCC (3.3V) other than WLm are set as touch-down voltage (0V) for the 

http://www4.ipdl j po . go .jp/cgi-bin/tran__web_cgi_ej j e 1/1 6/2004 



Page 7 of 12 



selector-gate line SL. Consequently, the ferroelectric capacitors Cm and N of all the memory cells that 
stand in a row in the selection word line WLm, Cm, and N+l In the hysteresis characteristic shown in 
drawing 6 , it will move to the condition of D point by time of day t2, and elimination (writing of zero 
data) will be completed. 

[0052] Next, the selector-gate line SL and the selection word line WLm are brought down on touch- 
down voltage (0V) at time of day t2. Then, memory cells Cm and N which should write in opposition 
data (one data) Connected main bit line MBLN to supply voltage VCC (3.3V) the memory cell Cm good 
with elimination data (zero data), and N+l it connected - main - bit line MBLN+1 (1/3) is set as VCC 
(1.1V) Next, at time of day t3, the selection word line WLm is set as 5V, and the word lines WL1- 
WLM (2/3) of all not choosing it as. touch-down voltage (0V) other than WLm are set as VCC (2.2V) 
the selector-gate line SL. Consequently, ferroelectric capacitors Cm and N of the memory cell which 
should write in opposition data (one data) In the hysteresis characteristic shown in drawing 6 , it will 
move to the condition of D point to C point by time of day t4, and the writing of opposition data will be 
completed. Finally, at time of day t4, after setting all main bit line MBLN(s) and MBLN+1 (1/3) as 
VCC (1.1V), write-in actuation is completed by bringing down the selector-gate line SL and all the word 
lines WL 1 - WLM on touch-down voltage (0V). 

[0053] In addition, Cm and N which stand in a row in the selected subbit line although set as the word 
line WL1 of not choosing other than WLm - WLM (2/3) VCC (2.2V), during the write-in period of 
opposition data consequently, Cm, and N+l The DISUTABU voltage of VCC (1.1 V) will be impressed 
to the non-choosing memory cell (1/3) of an except. That this DISUTABU voltage poses a problem is 
the case where the above-mentioned DISUTABU voltage is added in the contents of data currently 
recorded on the non-choosing memory cell, and the direction in which reverse data is written in. 
[0054] For example, when one data is recorded on the non-choosing memory cell, as a result of 
impressing DISUTABU voltage, in the hysteresis characteristic shown in drawin g 6 , the polarization 
condition of a ferroelectric capacitor changes from an A point to A2 point. Moreover, when zero data is 
recorded on the non-choosing memory cell, as a result of impressing DISUTABU voltage, in the 
hysteresis characteristic shown in drawing 6 , the polarization condition of a ferroelectric capacitor 
changes from a B point to B-2 point. However, in the case of the 2nd operation gestalt of drawing 5 , as 
compared with the case of the 1st operation gestalt of drawing 4 , the hysteresis characteristic of drawing 
6 shows that DISUTABU to a non-choosing memory cell is sharply mitigable. Therefore, when one data 
is recorded on the non-choosing memory cell, and zero data is recorded on the non-choosing memory 
cell from the A point to A3 point, a polarization condition changes from a B point to B3 point, and data 
cannot be reversed. 

[0055] In addition, although package data writing is performed to the memory cell with which the case 
of the 1st operation gestalt of drawing 4 and the case of the 2nd operation gestalt of drawing 5 are 
connected in one word line to choose, data writing may be performed in order for every word line by 
making into an unit all the word lines that intersect the subbit line chosen by the selector-gate line in the 
unit of data writing. For example, what is necessary is just to carry out data writing to WL1, WL2, — 
WLM and sequence in the case of the 1st operation gestalt of drawing 4 , and the 2nd operation gestalt 
of drawing 5 , using word lines WL1-WLM as one unit for data writing. Such data writing of a block 
unit enables it to restrict the count of DISUTABU which a non-choosing memory cell receives at the 
time of data writing to the maximum (M-l) time, and it is suitable from a viewpoint of DISUTABU 
prevention. 

[0056] Then, the 1st example in the case of reading the data to a memory cell in memory array drawing 
of drawing I is explained in order, referring to timing-chart drawing of drawing 7 , and the hysterics 
RISHISU property of drawing 9 . 

[0057] Timing-chart drawing of drawing 7 is a word line WLm and subbit line SBLN, and SBLN+1. It 
chooses and they are the ferroelectric capacitors (memory cell) Cm and N. One data currently recorded 
and Cm, and N+l Zero data currently recorded is read and they are after that, and Cm and N. One data 
and Cm', and N+l It is a timing chart in the case of performing the re- writing of zero data, in this case, 
the reading appearance of data to a memory cell - carrying out - data is judged by connecting with the 
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subbit line which chooses the main bit line, changing the word line voltage to choose, changing the 
polarization condition of a ferroelectric capacitor, and detecting change of the main bit line potential 
according to change of the polarization condition of the ferroelectric capacitor concerned. Moreover, the 
re-writing of data to a memory cell is the same as that of the case in the 1st operation gestalt of the data 
write-in method of drawing 4 . 

[0058] First, it is main bit line MBLN and MBLN+1 by time of day t2 by starting supply voltage VCC 
(3 3 V) and column selection-signal phiC for precharge signal phiPC to 5 V at time of day tl . It 
precharges on the precharge voltage VPC (0V), and is main bit line MBLN and MBLN+1. The node VN 
of each sense amplifier, and V N+1 It connects. 

[0059] To a degree At time of day t2, precharge signal phiPC is brought down to 0V, and it is main bit 
line MBLN and MBLN+1 . After carrying out floating, it is the selector-gate line SL to 0V to 5 V The 
read-out memory cells Cm and N, Cm, and N+1 The connected selection word line WLm is started from 
0V to supply voltage VCC (3.3 V). Consequently, the ferroelectric capacitors Cm and N of all the 
memory cells that stand in a row in the selection word line WLm, Cm, and N+1 It changes to the 
polarization condition that zero data was written in. 

[0060] For this reason, memory cells Cm and N on which one data was recorded A polarization 
condition is reversed, and potential change **[ of main bit line MBLN ] V (+) is large, and is expressed 
with a degree type ( 1 ). Moreover, Cm of the memory cell by which 0 data logging was carried out and 
N+1 A polarization condition does not change but it is main bit line MBLNs+1. Potential change **V (- 
) is small and is expressed with a degree type (2). 
** v (+) =VCC- [C (+)/{(M-l) -C(-)+C(+)+CBL}] 
-- (1) 

** V (-)=VCC-[C(-)/{M-C(-)+CBL}]--(2) ^ 
In addition, in (1) type and (2) types, C (+) is capacity in case the polarization condition of a memory 
cell is reversed, C (-) is capacity in case the polarization condition of a memory cell is not reversed, and 
CBL is bit line capacity. Moreover, M is a word line number which stands in a row in a subbit line, and 
carries out to eight in this case, and supply voltage VCC is set to 3.3V. In the case of a general memory 
cell, it is C(+) **. Since it is 500fF, C(-) **100fF, and a CBL**1000fF degree, **V (+) and **V (-) are 
the following degrees from (1) type and (2) types. 

**V(+) =0.75 V**V(-) =0.18V[0061] The above thing can be illustrated and explained also m the 
hysteresis characteristic of drawing 9 . the ferroelectric capacitor Cm of a memory cell with which one 
data was recorded and N+1 it is ~ a case ~ an A point ~ it moves to the condition of E points from a 
condition, and is reversed in the polarization condition of zero data. [ that is, ] And Cm and N which are 
connected to subbit line SBLN The non-choosing memory cells CI and N of an except - CM, and N 
Although it moves to the condition of G points from the condition of an A point when it is the memory 
cell on Which one data was recorded, and it moves to the condition of I points from the condition of a B 
point when it is the memory cell on which zero data was recorded, the condition of a basis is held as it 
is. 

[0062] the ferroelectric capacitor Cm of a memory cell with which zero data was recorded and N+1 it is 
- a case - a B point - although it moves to the condition of F points from a condition, the polarization 
condition of zero data does not change. [ moreover, ] and ~ secondary - Cm connected to bit line 
SBLN+1, and N+1 The non-choosing memory cell CI of an except, N+1 - CM, and N+1 Although it 
moves to'the condition of H points from the condition of an A point when it is the memory cell on which 
one data was recorded, and it moves to the condition of J point from the condition of a B point when it is 
the memory cell on which zero data was recorded, the data condition of a basis is held as it is. In 
addition, in the hysteresis characteristic shown in drawing 9 , the straight line inclination of alternate 
long and short dash line A-E expresses the capacity C (-) in case the polarization condition mentioned 
above is reversed, and the straight line inclination of alternate long and short dash line B-F expresses the 
capacity C (-) in case the polarization condition mentioned above is not reversed. 
[0063] Next, at time of day t3, the sense amplifier SAN connected to each main bit line and SAN+1 are 
activated by'bringing down the selector-gate line SL next, bringing down the selection word line WLm 
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to OV, and starting sense enable signal phiSE to supply voltage VCC (3.3V) at time of day t4. 
Consequently, a sense amplifier SAN senses the potential difference of the potential change **V (+) and 
the (node potential VN) of main bit line MBLN, and the comparison potential VRN which were 
mentioned above, and sense amplifier SAN+1 senses the potential difference of potential change *[ of 
main bit line MBLNs+1 ] V (-), (node potential VN+1), and comparison potential VRN+1. 
[0064] the variation of the main bit line potential expected in each comparison potential VRN and all of 
VRN+1 here, **V(+) =0.75 V, and **V(-) =0.18V it is about set as about mean value VRN- 
VRN+1=0.46V. Consequently, in a sense amplifier SAN, they are the read-out memory cells Cm and N. 
One data currently recorded by time of day t5 A sense latch is carried put and the potential of main bit 
line MBLN is set as supply voltage VCC (3.3V). To sense amplifier SAN+1 The read-out memory cell 
Cm and N+l The sense latch of the zero data currently recorded is carried out, and the potential of main 
bit line MBLNs+1 is set as touch-down voltage (0V). 

[0065] Now, it is the read-out memory cells Cm and N from time of day t5, Cm, and N+l . The receiving 
re- writing of data requires. 

[0066] First, it is the selector-gate line SL to 0V to 5 V at time of day t5 Memory cells Cm and N, Cm, 
and N+l The word lines WL1-WLM (1/2) of all not choosing it as supply voltage VCC (3.3 V) other 
than WLm are set as VCC (1.65 V) for the connected selection word line WLm. Consequently, the 
ferroelectric capacitor Cm of the memory cell which should write in zero data, and N+l will move to the 
condition of D point by time of day t6 in the hysteresis characteristic of drawing 9 , and the re-writing of 
zero data will be completed. 

[0067] Next, at time of day t6, the selection word line WLm is brought down on touch-down voltage 
(0V). Consequently, ferroelectric capacitors Cm and N of the memory cell which should write in one 
data In the hysteresis characteristic shown in drawing 9 , it will move to the condition of C point by time 
of day t7, and the re- writing of one data will be completed. After separating main bit line MBLN and 
MBLN+1 from the node VN of each sense amplifier, and VN+1 by bringing down column selection- 
signal phiC to 0V at time of day t7 finally, all main bit line MBLN(s) and MBLN+1 are precharged on 
the precharge voltage VPC (0V) by starting precharge signal phiPC to supply voltage VCC (3.3V). 
Then, write-in actuation is completed by bringing down the selector-gate line SL and all the word lines 
WL1-WLM to touch-down supply voltage (0V). 

[0068] In addition, Cm and N which stand in a row in the selected subbit line although set as the word 
line WL1 of not choosing other than WLm - WLM (1/2) VCC (1 .65V), during a data re-write-in period 
consequently, Cm, and N+l The DISUTABU voltage of VCC (1.65V) will be impressed to the non- 
choosing memory cell (1/2) of an except. This is the same as that of the case of the 1st operation gestalt 
of the data writing explained by drawing 4 . 

[0069] Next, in memory array drawing of drawing 1 , the 2nd operation gestalt in the case of reading the 
data to a memory cell is explained in order, referring to timing-chart drawing of drawing 8 , and the 
hysteresis characteristic of drawing 9 . The DISUTABU voltage (1/2) which joins a non-choosing 
memory cell at the time of data writing has an advantage over the 1st operation gestalt of drawing 7 of 
this 2nd operation gestalt in a point mitigable from VCC (1 .65V) (1/3) to VCC (1 . 1 V). 
[0070] They are memory cells Cm and N similarly [ in drawing 8 / of drawing 7 ]. One data currently 
recorded and Cm, and N+l Zero data currently recorded is read and they are after that, and Cm and N. 
One data and Cm, and N+l It is a timing chart in the case of performing the re- writing of zero data. In 
this case, read-out of data to a memory cell is the same as that of the case in the 1st operation ****** of 
the data read-out method of drawing 7 . Moreover, the re-writing of data to a memory cell is the same as 
that of the case in the 2nd operation gestalt of the data write-in method of drawing 5 . 
[0071] First, by starting supply voltage VCC (3.3V) and the column selection signal phi for precharge 
signal phiPC to 5V, by time of day t2, main bit line MBLN and MBLN+1 are precharged on the 
precharge voltage VPC (0V), and main bit line MBLN and MBLN+1 will be connected to the node VN 
of each sense amplifier, and VN+1 at time of day tl. 

[0072] Next, after bringing down precharge signal phiPC to 0V and making main bit line MBLN and 
MBLN+1 into floating at time of day t2, the selector-gate line SL is read to 5 V from 0V, and it is 
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memory cells Cm and N, Cm, and N+l . The connected selection word line WLm is started from 0V to 
supply voltage VCC (3.3V). Consequently, the ferroelectric capacitors Cm and N of all the memory 
cells that stand in a row in the selection word line WLm, Cm, and N+l It changes to the polarization 
condition that zero data was written in. 

[0073] For this reason, memory cells Cm and N on which one data was recorded A polarization 
condition is reversed and **V(+) =0.75V are expected that potential change **[ of main bit line 
MBLN ] V (+) was large, and the 1st operation gestalt of drawing 7 explained, the memory cell Cm by 
which 0 data logging was carried out and N+l a polarization condition - not reversed — main — 
potential change * *[ of bit line MBLN+1 ] V (-) is small, and as the operation gestalt explained by the 
1 st of drawing 7 , * * V(-) =0. 1 8 V are expected. [ moreover, ] 

[0074] Also in the hysteresis characteristic shown in drawing 9 , it is the same as that of the case of the 
1st operation gestalt of drawing 7 that it can illustrate and explain of the above thing. 
[0075] Next, at time of day t3, the sense amplifier SAN connected to each main bit line and SAN+1 are 
activated by bringing down the selector-gate line SL next, bringing down the selector-gate line WLm to 
0V, and starting sense enable signal phiSE to supply voltage VCC (3.3 V) at time of day t4. 
Consequently, by time of day t5, the sense latch of the one data is carried out to a sense amplifier SAN, 
and the potential of main bit line MBLN will be set as supply voltage VCC (3.3V). Moreover, the sense 
latch of the zero data is carried out sense amplifier SAN+1, and the potential of main bit line MBLNs+1 
is set as touch-down voltage (0V). 

[0076] Now, it is the read-out memory cells Cm and N from time of day t5, Cm, and N+L The receiving 
re-writing of data requires. 

[0077] First, after separating main bit line MBLN and MBLN+1 from the node VN of each sense 
amplifier, and VN+1 by bringing down column selection-signal phiC to 0V at time of day t5, all main 
bit line MBLN(s) and MBLN+1 are precharged on the precharge voltage VPC (0V) by starting 
precharge signal phiPC to supply voltage VCC (3.3V). Then, the selection word line WLm is set as 5V 
from 0V, and the word lines WL1-WLM of all not choosing it as supply voltage VCC (3.3V) other than 
WLm are set as touch-down voltage (0V) for the selector-gate line SL. Consequently, the ferroelectric 
capacitors Cm and N of all the memory cells that stand in a row in the selection word line WLm, Cm, 
and N+l In the hysteresis characteristic of drawing 9 , it will move to the condition of D point by time 
of day t6, and elimination (writing of zero data) will be completed. 

[0078] Next, the selector-gate line SL and the selection word line WLm are brought down on touch- 
down voltage (0V) at time of day t6. Next, a low side is switched [ the power supply of a sense amplifier 
system ] for a high side to VCC (1 .IV) from touch-down voltage (0V) (1/3) with supply voltage VCC 
(3.3 V). next, column selection-signal phiC - 5V - rising ~ again - the potential of main bit line MBLN 
- a sense amplifier SAN - supply voltage VCC (3.3 V) - main - the potential of bit line MBLN+1 is 
set as VCC (1.1V) by sense amplifier SAN+1 (l/3) ? Next, at time of day t7, the selection word line 
WLm is set as 5 V, and the word lines WL1-WLM (2/3) of all not choosing it as touch-down voltage 
(0V) other than WLm are set as VCC (2.2V) for the selector-gate line SL. 

[0079] Consequently, memory cells Cm and N which should write in opposition data (one data) In the 
hysteresis characteristic of drawing 9 , it moves to the condition of D point to C point till time of day t8, 
and the re-writing of opposition data is completed. After separating main bit line MBLN and MBLN+1 
from the node VN of each sense amplifier, and VN+1 by bringing down column selection-signal phiC to 
0V at time of day t8 finally, all main bit line MBLN(s) and MBLN+1 are precharged on the precharge 
voltage VPC (1/3) (VCC (1 .IV)) by starting precharge signal phiPC to supply voltage VCC (3.3V). 
Then, re-write-in actuation is completed by bringing down the selector-gate line SL and all WORD 
selections WL1 - WLM on touch-down voltage (0V). 

[0080] In addition, Cm and N which stand in a row in the selected subbit line although set as the word 
line WL1 of not choosing other than WLm - WLM (2/3) VCC (2.2V), during the re-write-in period of 
opposition data consequently, Cm, and N+l The DISUTABU voltage of VCC (1.1V) will be impressed 
to the non-choosing memory cell (1/3) of an except. This is the same as that of the 2nd operation gestalt 
of the data writing explained by drawing 5 , and DISUTABU to a non-choosing memory cell can be 
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sharply mitigated as compared with the example of data read-out of the 1st operation gestalt of drawing 
7. 

[008 1 ] Moreover, although read-out and the re-writing of data are performed to the package to the 
memory cell with which the case of the 1st operation gestalt of drawing 7 and the case of the 2nd 
operation gestalt of drawing 8 are connected in one word line to choose Read-out and the re- writing of 
data may be performed in order for every word line by making into an unit all the word lines that 
intersect the subbit line chosen by the selector-gate line in the unit of read-out of data and re-writing. For 
example, what is necessary is just to carry out read-out and the re-writing of data to WL1, WL2, --, 
WLM and sequence in the case of the 1st operation gestalt of drawing 7 , and the 2nd operation gestalt 
of drawing 8 , using word lines WL1-WLM as one unit for read-out and the re-writing of data, the data 
of such a block unit carries out reading appearance, and re-writing enables it to restrict the count of 
DISUTABU which a non-choosing memory cell receives at the time of data re-writing to the maximum 
(M-l ) time, and it is suitable from a viewpoint of DISUTABU prevention. 

[0082] Drawing 10 is drawing showing the example of a sense amplifier SAN and the concrete circuit 
diagram of SAN+1 in memory array drawing of drawing 1 . 

[0083] In the sense amplifier of drawing 10 , the inverter circuit of the complementation constituted by 
the p channel MOS (calling it PMOS hereafter and being) transistor TP 1, the n channel MOS (calling it 
NMOS hereafter and being) transistor TNI and the PMOS transistor TP 2, and the NMOS transistor 
TN2 constitutes a latch circuit. Moreover, this latch circuit amplifies and latches the potential difference 
between nodes with nodes Nl and N2 by activating the PMOS transistor TP 3 and the NMOS transistor 
TN3 in response to sense enable signal phiSE. 

[0084] It becomes possible by corresponding for every main bit line and having a latching sense 
amplifier as shown in drawing 10 to read to the sense amplifier concerned and to latch data or write-in 
data, consequently, as the example of drawing 4 , drawing 5 , drawing 7 , and drawing 8 showed, it can 
carry out to all memory cell packages that stand in a row in the word line in which the data 
corresponding to a memory cell carries out writing or reading appearance and, which re-writing chooses. 

[0085] Next, the example of a process flow for manufacturing the ferroelectric storage of this invention 

is explained. . ., . , 

[0086] Drawing 1 1 (a) - drawing 1 1 (e) are drawings having shown the process flow until it reaches 

device structure section drawing of drawin g 3 ; 

[0087] First, it is the same as that of the usual CMOS process until it forms the source / dram n+ 
diffusion layer field 4 by the ion implantation, after forming the LOCOS element isolation region 2 and 
gate oxide 3 in silicon substrate top 1 and forming polish recon or the polycide gate electrode 5 in it, as 
shown in drawing 1 1 (a). 

[0088] next, it is shown in drawing 1 1 (b) -- as - a layer [ 1st ] platinum layer - for example, the 
method of a spatter etc. -- about -200nm ~ forming ~ further - ferroelectric thin films (for example, 
PbZrTi03, BiSr2 Ta 209, etc.) ~ the method of a spatter etc. - about 200nm is formed. Next, etching 
processing of an above-mentioned layer [ 1 st ] platinum layer and the strong dielectric thin obj ect is 
carried out by the RIE method etc. at coincidence, and the ferroelectric capacitor lower electrode 6 and 
the ferroelectric capacitor insulator layer 7 are formed. 

[0089] next it is shown in drawing 1 1 (c) - as ~ a layer [ 2nd ] platinum layer - for example, a spatter 
etc. - about 200nm is formed, after that, by the RIE method etc., etching processing is carried out and the 
ferroelectric capacitor up electrode 8 is formed. 

[0090] Next, contact holes 10a, 10b, 10c, and lOd are formed, as shown in drawing 1 1 (d), after forming 
an interlayer insulation film (Si02 film) 9 with a CVD method, after that, a layer [ 1st ] aluminum layer 
is formed in a spatter, etching processing is carried out further and bridge wiring 1 la of a subbit line, 
word line 1 lb, and pad aluminum layer 1 lc are formed. 

[0091] Finally, as shown in drawing 1 1 (e), after forming an interlayer insulation film (Si02 film) 9 with 
a CVD method, a contact hole 13 is formed, a layer [ 2nd ] aluminum layer is formed in a spatter after 
that, etching processing is carried out further, and the main bit line 14 is formed. Device structure 
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section drawing of drawing 3 is reached as a result of the above process flow. 
[0092] 

[Effect of the Invention] As explained above, according to the ferroelectric storage of this invention, 
each main bit line wired in the shape of a train is connected to two or more subbit lines through a 
connecting means, and the memory cell which changes from one ferroelectric capacitor to the grid 
location where the above-mentioned subbit line and two or more word lines wired by behavior cross, 
respectively is arranged. Consequently, to the memory cell which consists of one ferroelectric capacitor 
fundamentally, the writing of data and read-out become possible, and the ferroelectric storage in which 
high accumulation and large-capacity-izing are possible can be offered. 



[Translation done.] 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

l.This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 11 It is drawing showing the memory array of the ferroelectric storage concerning this 
invention. 

[Drawing 21 It is drawing showing the pattern layout in memory array drawing of drawing 1 . 
[Drawing 31 It sets to pattern layout drawing of drawing 2 , and is A- A'. It is drawing showing the 
device structure section at which it looked from the direction. 

[Drawing 41 In memory array drawing of drawing 1 , it is drawing showing the timing chart in the case 
of the 1 st operation gestalt which writes in data. 

[Drawing 51 In memory array drawing of drawing 1 , it is drawing showing the timing chart in the case 
of the 2nd operation gestalt which writes in data. 

[Drawing 61 It is drawing showing the hysteresis characteristic of the ferroelectric capacitor for 
explaining the 1st data write-in implementation gestalt of drawing 4 , and the 2nd data write-in 
implementation gestalt of ___*5 . 

[Drawing 71 In memory array drawing of drawing 1 , it is drawing showing the timing chart in the case 
of the 1st operation gestalt which reads data. 

[Drawing 81 In memory array drawing of drawing 1 , it is drawing showing the timing chart in the case 
of the 2nd operation gestalt which reads data. 

prawing 91 It is drawing showing the hysteresis characteristic of the ferroelectric capacitor for 
explaining the 1st data read-out implementation gestalt of drawing 7 , and the read-out implementation 
gestalt the 2nd data of drawing 8 . 

[Drawing 101 It is drawing showing the concrete circuit of a sense amplifier. 

[Drawing 111 It is drawing showing the process flow of the ferroelectric storage concerning this 

invention. 

[Drawing 121 It is drawing showing the hysteresis characteristic and the capacitor condition that the 1st 
data of opposition and the 2nd data of each other were written in of a ferroelectric capacitor. 
prawing 131 It is drawing showing the memory array of ferroelectric storage which has a 1TR-1CAP 
mold cel. 

[Description of Notations] 
WL 1 -WLM - Word line 
SL - Selector-gate line 
phiC - Column selection signal 
phiPC — Precharge signal 
phiSE - Sense enable signal 

CI , N-CM, N and CI , N+l - CM, and N+l - Memory cell (ferroelectric capacitor) 

STN, STN+1 ~ Selection transistor 

CTN, CTN+1 - Precharge selection transistor 

PCTN, PCTN+1 - Column selection transistor 

SAN, SAN+1 - Sense amplifier 
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MBLN, MBLN+1 - Main bit line 
SBLN, SBLN+1 Subbit line 
VPC - Precharge voltage 
VRN, VRN+1 - Comparison potential 
VN, VN+1 - Node potential 

1 - Silicon Substrate 

2 - LOCOS Isolation 

3 - Gate Oxide 

4 - Source / Drain N+ Diffusion Layer Field 

5 — Polish Recon or Polycide Gate Electrode 

6 - Ferroelectric Capacitor Lower Electrode 

7 — Ferroelectric Capacitor Insulator Layer 

8 - Ferroelectric Capacitor Up Electrode 

9 - Interlayer Insulation Film under 1st Layer Aluminum Wiring 
10a, 10b, 10c, lOd— Contact hole under the 1st layer aluminum wiring 

1 1 a, 1 lb, 1 lc- The 1 st layer aluminum wiring 

12 - Interlayer Insulation Film under 2nd Layer Aluminum Wiring 

1 3 - Contact Hole under 2nd Layer Aluminum Wiring 

14 - 2nd Layer Aluminum Wiring 



[Translation done.] 
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CLAIMS 



[Claim(s)] 

[Claim 1] Each main bit line wired in the shape of a train is connected to two or more subbit lines 
through a connecting means. A memory cell which becomes the grid location where the above- 
mentioned subbit line and two or more word lines wired by behavior cross from one ferroelectric 
capacitor, respectively is arranged. Ferroelectric storage which one electrode of each ferroelectric 
capacitor is connected to the above-mentioned subbit line, and one of other electrodes are connected to 
the above-mentioned word line, and memorizes one of data of the 1st data of opposition, or the 2nd data 
mutually according to the direction of polarization of the above-mentioned ferroelectric capacitor. 
[Claim 2] The above-mentioned connecting means is ferroelectric storage according to claim 1 with 
which it is an MOS mold semiconductor device, and other one side is connected to the above-mentioned 
subbit line, a gate electrode is connected to a selector-gate line, respectively, and either a source 
electrode of the MOS mold semiconductor device concerned or a drain electrode connects the above- 
mentioned main bit line and a subbit line to the above-mentioned main bit line in actuation according to 
applied voltage of the selector-gate line concerned. 

[Claim 3] Writing of the 1st data to a memory cell Voltage is impressed in the direction in which subbit 
line potential chosen from word line potential to choose becomes high. Carry out by making polarization 
of the ferroelectric capacitor carry out in the above-mentioned impression electric-field direction, and 
writing of the 2nd data to a memory cell Ferroelectric storage according to claim 1 performed by 
impressing voltage in the direction in which subbit line potential chosen from word line potential to 
choose becomes low, and making polarization of the ferroelectric capacitor carry out in the above- 
mentioned impression electric-field direction. 

[Claim 4] reading appearance of data to a memory cell — carrying out - ferroelectric storage according 
to claim 1 which judges data by connecting with a subbit line which chooses the main bit line, changing 
word line voltage to choose, changing a polarization condition of a ferroelectric capacitor, and detecting 
change of the main bit line potential according to change of a polarization condition of the ferroelectric 
capacitor concerned. 

[Claim 5] Ferroelectric storage according to claim 1 with which re-writing of data to the memory cell 
concerned is performed after read-out of data to the above-mentioned memory cell. 
[Claim 6] ferroelectric storage according to claim 1 collectively performed to all memory cells 
connected to a word line which it has a sense amplifier of latching which carries out reading appearance 
corresponding to each main bit line, and latches data or write-in data, and data to a memory cell carries 
out writing or reading appearance, and chooses re-writing. 

[Claim 7] Ferroelectric storage according to claim 1 which writes in the above-mentioned opposition 
data to a memory cell in which write-in data concerned and data of opposition should be written after 
bundling up to all memory cells connected to a selected word line and writing in the 1 st data or 2nd data. 

[Claim 8] Writing of the above-mentioned data is ferroelectric storage according to claim 1 which 
makes an unit all word lines that intersect a subbit line chosen by selector-gate line, and performs them 
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in order for every word line. 

[Claim 9] Read-out and re-writing of the above-mentioned data are ferroelectric storage according to 
claim 1 which makes an unit all word lines that intersect a subbit line chosen by selector-gate line, and 
performs them in order for every word line. 

[Claim 10] Each main bit line wired in the shape of [ which is characterized by providmg the following J 
a train is connected to two or more subbit lines through a connecting means. A memory cell which 
changes from one ferroelectric capacitor to a grid location where the above-mentioned subbit line and 
two or more word lines wired by behavior cross, respectively is arranged. A manufacture method of 
ferroelectric storage that one electrode of each ferroelectric capacitor was connected to the above- 
mentioned subbit line, and one of other electrodes were connected to the above-mentioned word line A 
production process which forms a lower layer capacitor electrode of each memory cell with the above- 
mentioned subbit line A production process which forms a ferroelectric capacitor insulator layer of each 
memory cell A production process which forms the upper capacitor electrode for every memory cell A 
production process which forms the above-mentioned word line so that the above-mentioned word line 
may be connected to the above-mentioned upper capacitor electrode for every memory cell, and a 
production process which forms the above-mentioned main bit line 

[Claim 1 1] The above-mentioned lower layer capacitor electrode is formed with platinum of the 1st 
layer, or an oxide system ceramic material. The above-mentioned ferroelectric capacitor insulator layer 
is formed with an oxide ferroelectric material which makes an oxide ferroelectric material or Bi system 
stratified perovskite structure which makes a perovskite structure. The above-mentioned upper capacitor 
electrode is formed with platinum of the 2nd layer, or an oxide system ceramic material. It is the 
manufacture method of ferroelectric storage according to claim 10 that the above-mentioned word line is 
formed of aluminum, its alloy, or bipolar membrane of the 1st layer, and the above-mentioned main bit 
line is formed of aluminum, its alloy, or bipolar membrane of the 2nd layer. 

[Translation done.] 
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♦NOTICES* 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation, 

l.This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 
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Agai®T*fc 9 , i^j/hiMBL^ MBLN + Ui 

[0041] &tc, Eliro^^yrwi2i(c*5^r, > 
=e V tMcM-t5>T-?m%&*-Zftom&<Dm i oil 

[0 0 4 2.] m4<n?-( 5. Wf-»r— Ymt. 
WLmfciO^SI t's* hi^SBLN, SBLN + 1 *Wfc 
LT, ilift=>f+^->^ (^U-tr/U) Cm.N (£|gl 
W7-^ (KJlTlf-^) £, Cro.N+l l;S5 2<Ox— * 

CWTOx-*) 5 V^IH-Cfo 

5o ^^ey-fe/Hc^-rs lx-*<DSti£^ 

7)n«ff#6l $ * ?> r i K <fc 9 ff 5 . 

[0 0 4 31 4i\ B*#J t l X\ ^y-tr^Cm.N 
i^ftfc^lfy hiSUVIB LN£®SttffiVCC (3. 3 
V) ^y-tr/U-Cm.N+1 #g$c$ixfc±^ hmtA 
BLN + 1 Z&mn&. (OV) fcRjfc?-*! 

[0 0 4 4] tfcK, ftftt 2"C, il^y-h^SLSrO 
Vi^SVIC, p< 1) -t/l-Cni, N , Cra,N+l frfeffcZth 

KiSSWLm&^JS^JEVCC (3. 3 V) 
f£, WLm^W^jl^W!7- KHWL1 ~WLM£ 

(1/2) VCC (1. 6 5 V) fcKS-TSo ^©ife!:, 0 
7—9 SrSf iitf<* > * y ir/KD&SS^tt* 
Cm.N+ias, Hieic^-f-t^r y v-^tel-fci^T, D 

t 3 S^fcfclbU 0x-*ro«£&*. 

[0045] &{C, B#glJ t 3 T, KiWLmi 
&mn£. (OV) ^Sr*>Tlf5. 1^-** 
ii^t ^ty •t>v<nffi&Wfc*>r Cm, N 

®6JC^fc*xy ->*#ttl£^TC,£©:tfcfiK 

KM t 4i-C-<c^B!jb > l^-^oS^ii^s^T-T 
5» S&KBf £fl t 4 T\ -f-^TroS f -y hi^MB LN, 
MB LN+I SrO VlC^tjTiffcmi^ iS^-hi^S 



(6) 

L, -r^Tcoy— Ki^WLl ~WLM£&H!s8J£ (0 

[0 0 4 6] ^-^fcSi&WtfllWk WLmJ£W 

©^M© 1 ?- KI6WL1 ~WLMtt (1/2) VCC 

(i. 6 5V) icwifeztizt^ zo&m. m&ztiiz 

@JCy MHcg!iK$^fc3fi^m**-V^->^Ci«.N , C 
m.N+1 ^©^ii^W^y-fe/Uiai, (1/2) VCC 
(1. 65V) <Ox-<^^-^'mffi* 5 ^P$iX'5^i:J- 

? =e V -fe /H£ IE® $ v ^5 7 - * ^ t m f- 9 &9 
[0 0 4 7] fcitlf, #m&.* ^Dt/HClr-:?* 

^-f^^-^m^'PnAp^ixsife*. Ei6<ot^x 

20 y^Wtfcjs^T, B^e>B lAS-ClMMIflc** 
/H^tSr-f^^-^li, ^il^^ey-trMci-r- 

[00-48] W:, EHro^^ey/'H'lllJcifc^T, > 

^ y -tMctt-rzT-f^&fr&ft o w&<dw, 2 con 

^^-^flff^, (1/2) VCC (1. 6 5V) !&»P>(1/ 

3) vcc (i. iv) t««-et5^{cfcs 0 

[0 0 4 9] IH5ro^g-t>, m4tm&, !7-KiiSWL 
m^it/eitr^ hilgSBLN, SBLN + 1 Sr®JRU 
T, (^^-y-fe/U) Cm.N \Cl<r- 

Cm,N+l iCOT'-^^S^iAtf^-a-W^-r 5 

40 @-c'fe3„ a 5 2 (Dzmmmom&icrt. m4<nm 

gg^iXfc-r-<TK»^y-lryH^Lr Ox-* ($>S^ 
iiittS^tp'^y -fe/ujc^ L T ±12 iS»ffix - * <D§ t 
[0 0 5 0] rcD4&£\ ^^ey-lrMcSt-rSx-*^* 
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-9 (if-^) mwr^v-vmrnm. 

HUD LT, MMR****'^* Sr±ffiW*l«tff*l6lfc» 

10 0 5 1] S1\ «*Sfl t 1 T\ t^TOtfj' h«SM 
BLN, MBLN+l£tgifc®£ (0V) fcKJfc U 1R 
l^T, aWW-M>SL«:0V;*»e>5VK:, K 
IfcWLmSrfliiliifflffiVCC (3. 3V) WLmW^W 
-f ^T©#jl#i©!7- K$WL 1 ~WLM£&tfiSJE 

(0V) fc»3£f6. 3WR7-KI»WLmKi 
itfc it^to^ •) -t/W&ffiMfc* Cm, N 

, Cra,N+l g] 6 IC^-T t y i/^!pH4{C*3^r 

[0 0 5 2] t 2 T\ S^y- L, *5 

it)W7-K»WLinarSfifi«E--(0V) K3**>T 

^t^^E-yir^Cra.N Og^^^ttfc^t's' MUMBLN 
SrSiiflffiVCC (3. 3V) iC N tH*^-* (0f- 
*) fflJSf il^^Ut^Cm.N+l ©SR^fciK' 
y KHM-B-L-N+lSrO/3) VCC (1. 1-V) 
•TSo ftf-, B*£'J t 3 X-mnV- h^S L&.5 VtC, il 
^7- Ki^WLmSr«Jffi«ffi (OV) CWLm^Cf 
^T©#il#i©!7- Ki&IWL l~WLM£r(2/3) VCC 

(2. 2v) tcts^-rs. istsr-^ (15* 

Cm.N ^SgletC^-t-t^-ry •>^#tt(C*J^'CD^>^ 

c«iwut4Sfc#»u 

Smb L N, MBLN+l£(l/3) VCC (1. IV) 

mfcv- hsl, -f^x©?-^ 

WL'l~WLM&SMft«E (OV) fc&VFtf * £ J: 

[0 0 5 3] *©*#&3iJWI8] I P, WL 

m£W©#jliR©!7- Ki^WL 1 ~WLMtt(2/3) VC 
C (2. 2V) ■?:©&*> mviztitc 

gltfs/ hSlKig&SCm.N , Cra.N+1 ^W^iM^^-^ 
y-fc/MCti:, (1/3) VCC (1. IV) ©f-f^^-y 

Faint &■&©«, *a«>*y-feA'Ke»$iiTt^sf* 

[0 0 5 4] tztx.il, ^iift^y-tr/Mclx-^aJ 

fc. ^ji^^^y-fe/ncox-^^ia^^tuti/^m 



(7) 
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* + ©#«:|*tt#«fl:-r 6. 1ttZL, @5©^2 

©hm§©*§-&, h 4 ©»i 

y-tr/ncof f -*^jaftSiirv^s»&, B.y^B3 
[0055] a*, bi 4 ©sg i (ommmmn^, *>- £ 

VH5©*2©iato»fS©»fri:'b, 

tToTl>S^, 7 f -*Sti&*©l|i<fc«r, WW- Ml 
K.fcOWlSixfcWii'y Mli:£zi-t*5"t"' -i T©!7 — K 
LT, 4H7- K*M5fc:JH#fc'7 , -*##&* 
fcfTo-Ctxfctv, fc£;Ui, 04©mi©0ilSJI2fi8> *5 
£t*ia5<DJB2©fS!fi®tR©»<&, ^-^ff^ii^fc. 
!7 - KlWL 1~WLM5: 1 ^ftt Lt, WL1, WL 
20 2, •••WLM£M#i£x-*S£&^£fT;itf <fc^V - 

••■ ft*. (M—l) 0lc»J|Rr5ii:^?r«i:ft 

[0 0 5 6] Sti^T, iaicD % ^*y7Wli:*5it 
y^ey-fr/utc^-t-s^-^roK^mtSrfT^a-a-ro 

h 9 © t * y ^^^^m bmic&m-tz. 

[0 0 5 7] mKDfJ 5 y^ft- HUtt, 7- FiSH 
so WLmJoit^Sltf j/ HiSBLN, SBLN + l£iI#l 

ux, tmnw**'*^? (^^y-fe/u) c m ,N ice* 

$tlTV^lT f — ^, *3j;0 : Cm,N+l {Ctl^^tUT^S 
Of-^mfflL, ^rcom. Cm.N (Clx-^, 4b'<t 
tfCm.N+1 (COx-^roSS^ii^-^rtf ^^a-W^-T 5 

vym-efos, w©»&, pj^yir/Kc^-rsx-^© 

40 5rt»c«t0, ^-^©^J^Srff^o pt^ey-fe/u 
Kltt-f St-* H4©f f -*»#ii*. 
*ffi©^ 1 ©3Ut®ttfcJ3ltS«*i: R*-C*>5. 
[00 5 8] *-f , mi t 1 X\ ■7V*f"r-i?m%t> P 
CSrSJISffiVCC (3. 3V) IC, *3±V*7^stR 
{f#*C^5VJciz:*,±lfS^i:»CJ;t) % ^Jt2*T- 
«c x if y MSmb ln, mbln + i V 
tSVPC (ov) \cyr\)?-v-i?L. ifcifyMI 
MBLN, MBLN+1 iSr j etv^©-feV^7'vy©/ 

- kvn, v n+i ic^-r?, 0 
so [0059] ^121?, yy^-^-^m-i-* P 
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C£0 V\C±hT\fX^\fy LN. MBLN + 

0V^?>5VJC H SS^ffiU^^eyir/UCm.N % Cm, N+l 
tmWt £ ttfca* !7 - KM W LmtOV^b SJgSBE V 
CC (3. 3V) \C±h±\fZ>o 

v^Cm.N , Cm, N+l 0 9*—* i&4*bfc#ffi * 

AV(+) =VCC • CC(+) / { (M- 

AVH =VCC' [C(-)/{M-C 
(1) (2) S^io^T, C ( + ) tt**y 

■fe/UO»««IB3J5KterS»&^**T?*5, c (-) 

I«Evcctt3. 3Vtf5o Httttfc^y-fcA'© 

4§-£\ C ( + ) 5 0 0 fF, C (-) ^100f 
F, CBL^lOOOf FiStfcS^e, ( 1 ) 
(2) AV (+) % AV (-) ft, HT©8* 

AV ( + ) =0. 7 5V 
AV (— ) =0. 18V 

[006 i] «±^:iii m-9-<Dt*Tv *s*mm^ 

A £txTV>fc;>< y ir/KO^m*^-V^^>^ Cm, N+l 

W^MlCSfit^o *LT, II^HISBLNi: 
Igjge^ftT^fcCm.N ^(D^SiR^^yir^Cl.N - 
CM.N H\ lx—^a^BftSftT^fc ir/uo^ 

[00 6 2] Sfc, Ox-^^is^^tuT^fc^^yir 

*UT, m*y MSSB LN+ lfcSSK$ix-C 
l>5Cra,N+l fiJl^O^SK^^y-fe/PCl.N+l -CM.N+ 
l tt, l7 f -^tflB»$ixTV^fc^*y-lr/K04&^, A 

a-e©b:ir«*h:, ±»Lfc#«#tta*Rte-r5»& 
(^^ffiC (-) £3eLT:fc»9, -&m$kB-F<D 

C (-) Sr*LT^5 0 

[0 0 6 3] fclCB*»t 3T\ JMW-httSLSr* & 
tcffl&!7- Ki^WLmfcO VtcSr^Ttf, t 4 "Cir 
V^><^-^/Wf^0 SESrSa§«JEVCC (3. 3 
V) \ciLh±\fhZi:\cX^, ?it«i4>£if? HNMc so 



74 

[0 0 6 0] rcofctf), lx-^^fea^ttxi^c^^ 

N^tffiKftAV (+) I2*£<, ftSC (1) -C*$*t 
So 0x-^sS®^nT^fc^^y-fe/KOCm,N+ 
1 Ht, »«*ffi*«»t*-r, it>hiMBLN + 1 (O 
«{4^{tAV (-) tt/h$<, *5t (2) -C*3*lS 0 
1 ) ■ C (-) + C (+) +CBL} ) 
- (1) 

(-) +CBL) ] - (2) 

mm^tltc±>^Ty^SAN s SAN+ltiSSttftS 
-££ 0 -tr^Ty^S ANtt, 

y M&MB LN(Z)tftfikAV ( + ) KSffiV 
N) irit^mfitVRN^omffi^?:^^^ U 
^T^SAN+Kj:, ifybiMBLN+l^tffi 

*Asav (-) (y-KiftvN+i) tttmm&vR 

N + 1 ^SttlilSrlr^i-So 

[0 0 6 4] *ix^ix^)Jt««ffi:vRN, vr 

AV ( + ) =0. 7 5V, *>£tfAV (-) =0. 
1 8 V(D*3«t«ttf»PflffiVRN — VRN+ 1 =0. 4 6V 

L**V ir/^Cra, N KlEJSSftT^fc lf-^ 

BLNCOiftliSIiffiVCC (3. 3V) 

ty^7y7 p SAN+ i left, iML^^e 

yir/UCra.N+l ^IBftStlTV^fcOx-^i^ ±>*7 
y^^tl, £tfy HMBLN+ 1 <0«ffittS5aflBE 

(OV) KRft^tlio 

[0 0 6 5] £"C> ftMt 5^fett, 
/UCm,N , Cm, N+l h"?—? ^S9#ii^i-«V^ 

So 

[00 6 6] 41\ I^-hiSL«:0 
Vd^SVlc, >-=ey-tryuCiD,N , Cm, N+l *sftjK*ix 

KJftWLmSrSaRaffiVCC (3. 3 V) 
}C, WLmK^t^t^llRW^- K»WL'1-W 
LMSr(l/2) VCC (1. 6 5V) {cWtfe^Zo 

0x-^^*#ii^#^^yir/UO§Sfia^^-r 
Cro,N+l^, I390t:^-r y i/^^tt(C^^XD 
^^«t«fc^M t 6*1?I£#»U 0x-^CDSS#iA 

[0 0 6 7] JJctC^PSfl t 6T% 3* 17- Kj^WLmSrS 
Jffi«JE (OV) (C^^TtfSo ; E:^^m> lf-^^S 

0 9 Jc^-ft y S/^4*ttK*5lr^-CCjS©«IWc^j8l 

S«lc«r*J t ^7Ail^fg-§-0C5rO VfcSc^T 
tfSrt«Cj:»9, ±fy h^MBLN, MBLN+lt 
ZtlJftMD-t^XT^-ftDS—b'VN, VN+lt^J^ 
BtLfcSJiC, ^y^-v-^{f#^ PCSrajgfiJEVCC 
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(3. 3 V) \£&h±\fZ>Zk\Z.£ t), i~s<X<D£.\?y 
bi&MBLN, MBLN+l^^lift-^iffVPC 

(ov) K^y^-v^o ii^y-h^s 

(OV) KS^Tlfir^cJ;^ «#ii^«j^j^T 

[0 0 6 8] fc*S, x-^SS^ii^ffl^^, WLmK 
K<D#m$KDV- KIWL l-WLMIi(l/2) VCC 

(1. 6 5 V) (C^^ixS^ ^Ojgjjl, iltR^tl*: 
Bit:** h$f£ig&SCro,N. s Cm,N+l «^tf>#jl#^^ 
yir/KCIi, (1/2) VCC (1. 6 5V) (DTJX?- 

ym&tfmvtstizz. ticks, rtiii, m4x*m.wi> 

So 

[0 0 6 9] &t£, il^^^ty T W(a^*5V>T, * 
y ir/M£*hf- if- * <0«*UI L£*t 9 I^Of 2 <0 

(1/2) VCC (1. 6 5V)' H(l 

/3) vcc (i. iv) icew-ets^fc&So 
[o 070] ms<om^h. m7<Dm&kmm-; 

irA-Cm,N i£fS®£iXT^£ lf-^, t5«ttfCn.N+l 
ltfBftSilTt^507 f — *SrR*WU, Cm.N 
lC 1 :fcJ:tfCm,N+l l£0x-*<OS#£&^£ 

[oo7i] *i\ 1 1 t% ^y^^-^ff-g-^ P 

CS:«B«flEVCC (3. 3V) t3iM7AM 

8SEVPC (0V) iC^y^-v^U Sfc^tTyUft 
MBLN, MB LN+ 1 ZZtlfftKDIZ^ XT >7<D / 
-KVN, VN+ll^t6o 
[0 0 7 2] jfclCB^J t 2T\ ^y^-v^f -*§-<*> PC 
5:0 V^i^TtfXitfs/ hiMB LN, MBLN+1 

0 Vrt>5>5 VJcK^ttlU^'tyir/UCin.N % Cra,N+l fl* 

mmztitcmviy- K^wLm^ov^bSiaffvc 

C (3. 3V) fcSr*>±»fSo 3W117-KI8 

*Cm,N % Cm.N+1 0 ftfc#*4fc 

[00 7 3] :Wcft, lx-*#ia®£ftT^fc^ 
y-fe/UCm t N fi, U MftMBL 



75 

Ncottft^tAv (+) ^#<. mi<nw,\(Dmm 

itiaffllfci^lCAV ( + ) =0. 7 5V*fti&4tl 

5o *fc> ox~*ie®$ftT^fc^yir/ucm,N+i 

s»av (-) «/h^<, ei7^i x-mmmmxm 
WLtcx?^ av (-) =0. i8vasaa**ts 0 

[0 0 7 4] JBliortli, HSfc^-f-fcy^y S/*«f 

io [0 0 7 5] J^tCl^J t 3T\ ii&y- FiiSL^ ft 
l-S^y-h^WLm4r0VtcSz:1bTtf, B#£tJt4T\ 
•feV^-f ^->^/Wf#0 SESrSag®EVCC (3. 3 
v) d£*>_h;f sr. tlci 9, ^rttmcoif s> MKUc 

-ck, if-^^ty^77fJlx, it^hiMBL 

N<0«ffittS8g«JEVCC (3. 3V) fcK^$ix5o 

yy^tK ilfy MIMB LN + 1 0«ffill»«tE 
20 (0 V) \m&t$tiZ>o 

[0 0 7 6] tifMt 5^^ia, ttfrffiL^y-fe 

/UCm.N , Cm,NH t»t5f — *0>W*#i&*fctt:^ 

• • 5. - - - • 

[0 0 7 7] 41\ B##J t 5T\ *7ASR«-S-*CSr 
0 V^Sr*>T»f5r tJC«J:9> Jt^hiMBLN, M 
B LN + 1 ZZtl^tlV-tel/XT^tD/ — KVN, V 

ItffVCC (3. 3 V) 4CiCt>±tf5r Hc«t9, -f 
^T<7)£fcf;y hiMBLN, MBLN+l^lift- 

30 ^aavpc (ov) ic^y^-r-^-rSo «^-c, s 

tR^- M6SLSr0VA^5V*C, i«!7-KSWLm 
SriitflEVCC (3. 3V) fc, WLmH^(Ot^T 
<7)^il^C0y— KJftWL (OV) . 

-<T(D^-=ey ir/U^^S^^r-y^v'^Cra^N , Cm,N+ 

t6 4-ClC#»U }B* (0x-^C7)§^i^^) 

[oo7 8] ektc, t 6xm$itf- h^S L, ^J: 

40 Wa*l7- K*WLmSr»»«E (0 V) iC*t>Tlf 

VCC (3. 3V) c^^4, n-{Ri|Sr^jfi«JE (0V) 
**e>(i/3) VCC (1. IV) l£#)«9&;t6o J^i-> * 

j®M B L N (DS{3r>£:-fe y x T >7 S A N \c X 9 S2E«JE 
VCC (3. 3V) (C, $f^hiMBLN+l« 
SrirV^T^^S AN+1 (Ci 9 (1/3) VCC (1. 1 
V) IcKifc-rSo ftte, l*« t 7T*il^y-h^SL?r 
5 VIC, mtRV- K*ftWLmSrS5fl6«BE (0 V) W 
so Lm^CQ-r^T^a^cO^- KiWL 1 -WLMSr 
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(2/3) VCC (2. 2V) (CfS^-fSo 
[0 0 7 9] ZV>m%:, igffl-r-* (If-?) 5rff# 

*Bx-^OS*#ii^^Tt-5c *«fc"«lt 8T\ 
^^AS^f-^^CSrOVlcSr-tjTtfSririiJ;?), £ 
hltMB LN, MB LN+ 1 ZZinZ'tKD-t^XT 

v^oy-KVN, vn+ 1 tisyfStLfct&ic, :/y^ 
•v-^{f-§-<f> PC£ffl;i!£®£vcc (3. 3 V) K&*> 
±»f 5r £l£<fc y, t^troitfj-hiMBLN^ MB 
LN+ 1 SrT-y^-^ttJlVPC ((1/3) VCC 

(i. iv) ) K^y^-v^o 

ff (OV) \ciL-bTlfZ^k\c£.<0, 

[0 0 8 0] igfflx- W 

L m«^©^IS((0 7 - K4HW L 1 ~ W LMIi (2/3) V 
CC (2. 2V) \cWtfe£tlZi>K MftZh 
tzW\t?-y hBKXtt&Cn.H , Cm,N+l 
*y-fc/M;:f£, (1/3) VCC (l. l V) to? 4*9— 

fc7*-*«^*©iB2©|^»l|g^Rtrea!>0. 0 7 
T*# So 

[0 0 8 1] H 7 ©JB 1 ©SB«B1»©»£\ J3± 

0 8 (0^ 2 00gMttgflRO»&- £ 1 , !7 - Ktt 

i p< * y ir/Hctt LT-JStex-* ©96*IU 

WU*i«tU t ffS#ji^*!7- KjftWL 1~WLM£ 1* 
fiCiLT, WL1, WL2-, WLMtWStCx-^W 

y, ?*— *K*#i&**ic?Kra**yirA'#£ij-&7' 

^**-7*|h18:£, **PB (M-l) Hfc*IIR"f«wfc 
a^ftgifty , r^**-:/Kik©«&^#iiT"£> 

So 

[oo8 2] noit Biw^yri^riai;:*^ 

t, ty^TV^SAN, SAN+ 1 ©=Rft#j/«tlH]a&0 
W^J^^-riHT-foSo 
[0 0 8 3] El 1 Oro-trV^Tvncfc^Tte. 
^MOS (J£*T, PMOSi^5^1 h7Vv***T 
PI, nft^MOS (WT, NMOS iV>5(,>) h 
7 ^?TN lfci^PMOS h7Vv 5 ^^TP 2, 
NMOS h7V^**TN2KJ:y#?fiE£;ft5Wi<£>-t' 



(10) 

©7 y^lal^tt, PMOS h7Vv=^^TP3, NMO 
SF7^^TN3^ -trV*^*-7*/Ms^<f> SE 
fcSttTSttflsSixSrtlCj;!), /-KNliN2i 

[0 0 8 4] ^^'^©^if;, vmmzttl&lsX. 01 

y, a^-t^^Tv-T'jci^tbux-^ifctts^^^ 

io 4, EI 5, 0 7, 08 w^iT-^ LfcfcSfc:, ^^ey-tr/u. 

iSiR-ts?- K&icg&s-t-^-tw^y-t: 

[00 8 5] &tc, #3891©&&S#ieig3SIES:fij&-t- 

[00861 011 (a) ~0 11 ( e ) 13, 0 3 ©T 
*#tif#rffi0l£<^fcS£-<?©, 7°n-fe^7n-Sr^ 
Lfc0T-foS„ 

[00 8 7] *-f, 011(a) J; 5 IC, •> y a 

20 >mm±uc Locosm^ft«wS2, t3£tty- 
hiWbfli3S:jg*L, #y v-y ^>^fctt^y Ky 

W^^n+l£fc^«4^^-r5^-Cli, iI?it©CM 
OS^a-tr* tPlfil-CfeSo 

[00 8 8] ftlc, 011 ( b ) iCTj^-f <t ? l£, fg 1 m 

%<D7y*?~rm*, fctxiJ^^v^Mtt. ~2o 

OnmSfSMl, Sbtw, ttf|«»]VM (fcixtfP 
bZrTi03, B i Sr2 Ta2 Og ¥) */<y 
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